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Introduction

o .

o Chiral Dynamics + Unitary Coupled Channels =

Successful prediction of many J* = 1/2~ baryon
resonances e.g. N*(1535), A(1405), A(1670), >(1620),
=(1620).

® s-wave scattering of the pion octet 0~ with the baryon
decuplet 3/27
—  Dynamical generation of J* = 3/2~ baryon
resonances

#® Some 4-star resonances which could be qualitatively
described in this scheme are: N*(1520),A(1700),
A(1520),%(1670),2(1940), Z(1820)

® Kolomeitsev and Lutz, PLB 585(04)243
® S.S, E. Oset, M.J. Vicente Vacas, NPA 750(2005)294
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Formulation

o .

Lowest order chiral Lagrangian (Decuplet - Octet interaction)
L =—iT"PT,

For a meson of incoming (outgoing) momenta k(k") we get for the s-wave
transition amplitudes,
1 0 10

This V is used as kernel of a coupled channels Bethe Salpeter equation

T=(1-VG)™

e - VW

Lwhere (= is the meson baryon loop function J
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Formulation

. d* 1 1
G =i2M; | ——L e e T
(2m)* (P —q)? — M} + i€ ¢ — m; + i€
Using dimensional regularization
2 2 _ M2 m2

G = 152 {al(u) + In Alfé + QAjl ™ In M% +
L [In(s — (M —m?) +2q1/5) + In(s + (M — m?) + 2q1/5) -
In(=s + (M} —mf) + 2q1v/5) — In(—s — (M} = mf) +2q1v/3)] } ,

with unknown parameters a; ~ —2 (corresponding to a cut-off of ~ 700 MeV).

Solve the BS equation and look for poles of T in the 27¢ Riemann sheet of
the complex energy plane = resonances

Close to the pole (zg) T;,(z) = 22-;  residue — couplings g; — partial

z2—2zZR’
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Results: S =—-1,1 =0 (/\)

® Pole at 1550 — i67 MeV dynamically

200

i generated with 73" and K=" in coupled
A 1 channels
- 100
I ® Strong coupling to 7X* channel — a
(1550,67) quasibound state in this simple model
40
® About 30 MeV higher in mass and ~

1 1 1 1 1 1 1 1 _50
1300 1400 1500 1600 1700 1800 1900 2000 2100 2200

0025 | | | | 10 times broader than the nominal width
(S.D)=(-1,0) (15.6 MeV)
0.02 ] -
. ® PDG gives large branching ratios to K N
oms| — EK 1 ( 45%) and 73 (42%) == must be in-

cluded

IT (1/MeV?)

0.01

® The lowest partial wave in which the
channels K N and 7% can couple to spin
parity 3/27 is L = 2,

0.005

e S

0 L I I
1300 1500 1700 1900 2100

Ecy (MeV) ® Inclusion of the ¥* width in G is impor-

tant
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A(1520)

-

Coupling of d-wave channels KN and 73:

“ K T
N N . k ) -
d-wave "~ _ 7 s—wave
N (1/2,m) ¥ * (3/2,M)

— it g Nosaxe = —1VRN |K|° [T@)T ® Yo (k) 00

where
2 .
(3/2 M| T;L T 11/2m) =C(1/223/2;m pu M) (3/2|| TPT |]1/2)
so that

L _itf_(N—HTE* — _Z’YR'N |]2|2 C(% 2 %7m7M _ m)Y2,m—M(]%)(_1)M_m v am J
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On-shell factorization of the vertices leads to the V' matrix

A(1520)

= KN T
n8* | Cuu(K) +K))  Cra(k) +k3)  msdd  yuadi
KE=* | Co1 (kS + KY)  Caa (kS + K9) 0 0
KN Y13 G2 0 V3343 Y34 43 44
> Y14 Q3 0 V344345 Va4 44
_ __1_ _ _ .3 _ _ _ V6
where C11 = — 5z, Co2 = — 55 and Cip = Cor = — 35
S \/[ (M; +mq)?][s — (M; — m;)?] kO—S_M"?er"’z
qi 2\/§ S i m; S 7 m; T T 2\/5
we can continue with the formalism as in ordinary s-wave scattering. J

PANICO05, Oct 24-28, Santa Fe
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A(1520)

-

To take the #¥* width into account we fold G with the
spectral function of the >*:

Gy s, Ms+,m — dvs' — Im
" " Msge —2T 7 | Vs — Ms« +iDss () /2

X Gry» (\/ga \/5_,7 mw)

where

g3 (s', M2, m2)

” @(\/;—MA — M)
q3(M§]27 Mi,m%)

T+ (s') = Tg (0.88

g3(s', M2, m2)

+0.12
g3 (M$?, Mg, m2)

@(\/?— Ms — mw)> ,

-
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A(1520)

sting V" as the kernel and the loop function G we use the coupled (:hannelT
BS equation to get the amplitudes T;; for KN — KN and KN — 7%

From a fit to the experimental amplitudes Tij we find the unknown
parameters 13, v14, Y33, V34, Ya4 In the V matrix and the subtraction

constants ag, as In G

M;q; Jq]
Ti5(/5) = ﬁwf T 7V

B;, = F = ImTu(\/_ MA(1520))

We get the following values

ao ao Y13 (I\/IeV_3) Y14 (I\/IeV_3) Y33 (I\/IeV_5) Y44 (l\/leV_5) Y34 (I\/IeV_5)
1.8 | —8.1 | 0.98 x 107 1.1 x 10~7 —1.7x10712 | —0.7x10712 | —1.1 x 1012

o -
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-
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A(1520)

Ty 7L 1 —KN
- Hqo0,3F 0 AT H003
e 0.02 1 0.02
e 0.01 |- 4 0.01
=) 0F == — o
= 001 | J-0.01
2 0.02 F 4-0.02
003F ., M 4003
1450 1500 1550 1600 1450 1500 1550 1600 1450 1500 1550 1600
0 0.1 EEERE— 0.1 —————
002 F 0.08 | - 0.08 | -
% L L 4 L 4
% -0.04 _— 0.06 _— —_ 0.06 _— —_
—~ -0.06 _— 0.04 _— —_ 0.04 _— —_
E 008} 0.02 | 4002} .

-0.1 0 : : 0 . .

1450 1550 1600 1450 1500 1550 1600 1450 1500 1550 1600

001 T | T 001 T | T | T 001 T | T | T

o 0.008 |- —0.008 —0.008 -
E 0.006 - —0.006 —0.006 -
NV 0.004 —0.004 - —0.004 - -
E 0002 | H0.002 | L H0.002 | A .

0 1 | | T 0 f 1 0 L 1 1

1450 1500 1550 1600 1450 1500 1550 1600 1450 1500 1550 1600

V5 (MeV)

From left to right: Unitary amplitudes for 72* — 7n3*, 72* — KN and 72* — 73,

Chiral dynamics of the A (1520) in coupled channels tested inthe K — p — 77 A reaction —p.12/3



-

A(1520)

gi9j

Close to the peak the amplitudes are given by

T; = :
i(V9) V'8 — Ma(1520) + iTA(1520) /2
from where we calculate the couplings to the different
channels:
gig — CTaqas20) T35 (Ma(is20)) |
Y 2 Im[T;;(Mn(1520))]
We get
g1 g2 g3 g4
091 | —0.29 | —0.54 | —0.45

The partial decay widths can be obtained from

.

7

95

M;

27 M (1520)

-
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A(1520)

Predictions:

The reaction K —p — 7'2*(1385) — 77 A(1116)

AN \K (k) TEO( pl)/ e Tc()(pz/)/ .
p(1/2,m) s#3oM)  A12m)
3v2 Mp — Ms- +ils+(MR)/2 | ph, +iph, m' =—1/2

Symmetrize the amplitude — three-body phase space — cross-section

-
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We also add the following conventional diagrams

A(1520)

(0]
_\\\ T (pzz// S _ TCO(pZ) //
K (k) \\\ // \\K (k) ///
y *0
p (1/2,m) p A (1/2,m") p(1/2,m) ~~_P A (1/2,m")
°(p) " m°(P)
(b)
K - Ry 7 o
““““““ K (k) ; (P
Ki TC pl) \\\\ // //// Tco(pl)
| \\\ // g
P(1/2,m) A(1/2,m") p (1/2,m) A(1/2,m")
(a) (b)

-
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A(1520)

= = - =
\S] S (@) o] \S]
T T T T T

o(Kp>mnA) (mb)

0.4
0.2
0 1 1 1 1 1 1
350 400 450 500 550 600 650 700
q (MeV)

K~p — 7n97°A cross section (mb) vs p;,, (MeV) of K~
Experimental data from S. Prakhov et al, PRCE9 (2004) 042202

o -
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A(1520)

o(Kp>n'wT A) (mb)
— N w
V)] [\ 9} (O8] V)] ESN
T | T | T | T | T | T

H
I

=]
()]
}—0—i|
o
o
e
e+

T 1 1 | 1 | 1 | 1 | 1 | 1 |
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K~ p — 77~ A cross section (mb) vs p;,, (MeV) of K~

Experimental data from 1. S. Mast era, PRD7 (1973) 5

o -
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1540 1560
MK'p (MeV)

K~ p invariant mass distribution for the vp — KT K p
reaction with photons in the range £, = 2.8 — 4.8 GeV.

Experimental data from

o -
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Summary

=

f #® The A(1520) is generated dynamically in our unitary
coupled channel approach with the 7>* and K=*
channels in s — wave and the KN and 7> channels in
d — wave.

# The A(1520) couples strongly to the 7>* channel though
the branching ratios to the KV and 7% channels are
much larger

® The prediction of the KN — 7X* amplitude and
consequently the absolute cross section in the
reactions K p — Ar’z" and K p — Ar 7~ agree fairly
well with experimental data.

o -
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Extras

o -
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A(1520)

L — T
. )K_ .
T ¥ (3/2,M) N (1/2,m) T @B2M)
[ diq
T2 = 7 1 G N D K 4
(2m)

7KN|q_12 20(1/2 23/2;m, M’ — m)Y2,m—M’ (q")(_l)M/—m

YN |@? C(1/223/2;m, M — m)YQ*,m—M(C_?)(—l)M_m

® Angular integration of the two Y — 8/ 0
® Orthogonality of the Clebsch Gordan coefficients

® On-shell factorization of vertex

2
To = [VRNCIOn] X GR’N = Vis+ kN GR’N VRN S ax*

-
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Formulation

AR’ ATK— gt 300 w0, wetg— mr- g+ mx0 RO
AOK’ 2 2 1 1 /3 0 0
AtK- 2 0 1 -3 1 0 0
*— ot 2 2 0 2 0
%00 0 0 -2 1 —1
2*077 0 \/g \/g
Yt = 0 2
=*— K+ 2 —1
E*OKO 2
St I =0) = /3 [ rm) — /1 [5000) — | /L (2 at);
2K I=0) = /% 2K — /1 |~ K+)
Str EFK
to finally get for I = 0 S*r 4 V6
=* K
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N/D Method

-

Unitarity states that, above threshold,

- q; M,
[]mt 1(8)]7;3' = —47_‘_—\/552'3' = ImG(s)

Using a subtracted dispersion relation
t71(s) = —=G(s) + V(s)

where G(S) contains an arbitrary subtraction constant and
V1 accounts for contact terms which remain at tree level
when G = 0.

The above equation can be cast as

L t=[1-VG]™ = V+ VGt o

Chiral dynamics of the A (1520) in coupled channels tested inthe K — p — 77 A reaction - p.23/3



Formulation

et o

We will consider only the s-wave part of the interaction and
the non-relativistic limit, so that

u(p', ")y u(p,s) = 8"%6,4 + O(p1/M)

DD Cg 53 N8 sa)en(0,N)C(1 5 55 Xssa) e (p, ) dowr = —1+O(B*/M?).
A ,s! Ays

L=3Tr{T-T T}

(T-T)5 = T Ty v = (cpa'/@ oY D).

111 ++ 112 1 + 122 _ 1 AO 222 __ — 113 _— 1 v+
T = ATT,T \/§A T = \/§A T = A", T = \/52
T123 _ \}_E*O T223 \/52*— T133 %E*O, T233 — %E*_, T333 — QO

o -
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Formulation

fSU

Projection on to SU(3) basis:  Cup = > _; ;(1, )Cij (4, B)

(3) decomposition: 8®10=8@ 106 27 ¢ 35

Strength is proportional to: Cop = diag(6,3,1,—3)

# strong attraction in octet, followed by decuplet
# weak attraction in 27, repulsion in 35

We then solve the BS equation and look for poles in the
complex plane. In the SU(3) limit we get two poles, one
Leach for the octet and decuplet representations J
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Results: Trajectories of Poles in the Complex Plane

f Two bound states in the SU(3) limit T

200 200 —_——
Octet Decuplet
o—— S=0, I=1/2 o——e S=0, I=3/2
150 - s S=-1,I=1 150 |- = S=-1,1=1
— ~—— S:—l, I=0 — — S=—2, 1=1/2
> A S=-2,1=112 2 A4 8=-3,1=0
= =
~, 100 = 100 |
g N M,=1382 MeV
E M,=1382 MeV g m,=368 MeV
| m,=368 MeV i
50 50
(1673) (1738)
0 C . n \ | . . | . . | P 0 c n n . . | . . | .
1350 1500 1650 1800 1950 2100 1350 1500 1650 1800 1950 2100
Re z, (MeV) Re z, (MeV)
Break SU (3) symmetry gradually
Close to the pole (zg)
M;(x) = Mo+ xz(M; — Mp) 9i9;j
2() _ 2 4 ( 2 2) Tij(z)—z_z
m;(x) = mg+x(m; —myg R

0<z<1 residue — couplings g;
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Poles in the Complex Plane
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Couplings of /\ various to channels

o .

‘R 1550 — i67
gi 94|
S r 1 2.0—415 2.5
=*K | 0.9 —i0.8 1.2

o -
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A(1520)

-

The actual amplitudes are given by

brx*sanx = Trys_ynoxx
tke*x skEx = Tgex sKk=*
tinorss = Trnoase C(3235m, M —m)Ya m_a (k) (—1)Y ™ Vdr
trssass = Tresogs+ C(323m, M —m)Ys o (k) (—1)M~™Vix
tinsikn = Tenoin D C(323im,M—m)Ys m_n(k) -
M
c(323m', M —m"Yy, (R (~1)™ "™ 4r .

o -
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Experimental data from
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